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. They release ultrarelativistic jets, which produce non-thermal emission through synchrotron radiation as they interact with the surrounding medium 2 .
Here we report observations of the unusual GRB 101225A. Its c-ray emission was exceptionally long-lived and was followed by a bright X-ray transient with a hot thermal component and an unusual optical counterpart. During the first 10 days, the optical emission evolved as an expanding, cooling black body, after which an additional component, consistent with a faint supernova, emerged. We estimate its redshift to be z 5 0.33 by fitting the spectral-energy distribution and light curve of the optical emission with a GRBsupernova template. Deep optical observations may have revealed a faint, unresolved host galaxy. Our proposed progenitor is a merger of a helium star with a neutron star that underwent a common envelope phase, expelling its hydrogen envelope. The resulting explosion created a GRB-like jet which became thermalized by interacting with the dense, previously ejected material, thus creating the observed black body, until finally the emission from the supernova dominated. An alternative explanation is a minor body falling onto a neutron star in the Galaxy
.
On 25 December 2010, at 18:37:45 UT, the Burst Alert Telescope (BAT, 15-350 keV) on board the Swift satellite detected GRB 101225A, one of the longest GRBs ever observed by Swift 4 (see Supplementary Information); this GRB had T 90 . 2,000 s (T 90 is the time in which 90% of the c-ray energy is released 5 ). A bright X-ray afterglow was detected for two days, and a counterpart in the ultraviolet, optical and infrared bands could be observed from 0.38 hours to two months after the event (see Supplementary Information). No counterpart was detected at radio frequencies 6, 7 . The most surprising feature of GRB 101225A is the spectral energy distribution (SED) of its afterglow. The X-ray SED is best modelled with a combination of an absorbed power-law and a black body. The ultraviolet/optical/near-infrared (UVOIR) SED (see Fig. 1 ) can be fitted with a cooling and expanding black-body model until 10 days after the burst (see Supplementary Information), after which we observe an additional spectral component accompanied by a flattening of the light curve (Fig. 2) . This behaviour differs from a normal GRB where (UVOIR) spectral energy distribution. The ultraviolet, optical and infrared counterparts were detected by UVOT (the ultraviolet telescope on board Swift) and several ground-based facilities, from 0.38 h to nearly 2 months after the GRB. This plot shows the evolution of the SED from the onset of the optical observations at 0.07 days to 40 days for all epochs with sufficient data to model the SED shape. Filled circles, detections; triangles, upper limits; error bars, 1s. The additional orange line on top of the smooth model at 2.0 days shows our flux-calibrated spectrum taken with the OSIRIS/GTC. The SED evolution requires two different components, a simple expanding and cooling black body up to ,10 days and an additional supernova component for the last four epochs. The solid lines show the combined evolution of the black body and supernova contributions, the dashed lines from day 5 on show the evolution of the black body component alone. The UVOIR black body evolves from an initial temperature of 43,000 K (0.07 d) to 5,000 K (18 d) and increases in radius from 2 3 10 14 cm to 7 3 10 14 cm at the same timescale. We used the SED at 40 days to fit the supernova component with a template of the broad-line type Ic supernova 1998bw which was associated with GRB 980425. Reanalysing UVOIR data of XRF 060218 13 and SN 2008D 22 , we find a similar thermal component over the first 3-4 days, but with an earlier onset of the supernova component (see Supplementary Information).
the SED follows a power law owing to synchrotron emission created in shocks when the jet hits the interstellar medium (see, for example, ref. 2 ).
An optical spectrum taken two nights after the burst does not show any spectral lines (see Supplementary Information). We fitted the SED and light curve with the template of SN 1998bw, a type Ic supernova associated with GRB 980425 8 , and obtained a redshift of z 5 0.33 (see Supplementary Information). At this distance, the supernova has an absolute peak magnitude of only M V,abs 5 216.7 mag, which makes it the faintest supernova associated with a long GRB 9, 10 . In contrast, the c-ray isotropic-equivalent energy release at z 5 0.33 is .1.4 3 10 51 erg, typical of other long GRBs but more luminous than most other low-redshift GRBs associated with supernovae 11 . We detect a possible host galaxy in g9 and r9 bands with the OSIRIS instrument on GTC (Gran Telescopio Canarias) at 6 months after the burst with an absolute magnitude of only M g,abs 5 213.7 mag, ,2 mag fainter than any other GRB host 12 . Although its blue colour matches that of a starforming galaxy, our observations do not allow us to resolve it as an extended source.
At
11 cm (,3 solar radii) and a temperature of ,1 keV (10 7 K) at 0.07 d with little temporal evolution. Such a thermal component, attributed to the shock breakout from the star, has also been observed for XRF 060218 13 , XRF 100316D/SN 2010dh 14 and GRB 090618 15 , all nearby GRBs associated with type Ic supernovae 14, 16, 17, 18 , with similar temperatures but larger radii. The UVOIR black body starts with a radius of 2 3 10 14 cm (,13 AU) and a temperature of 8.5 3 10 4 K at similar times and evolves considerably over the next 10 days, reaching a radius of 7 3 10 14 cm and temperature of 5,000 K. The evolution of the two black-body components suggests that they must stem from different processes and regions (see Supplementary Information ).
An appealing model is a helium star-neutron star merger with a common envelope phase, a model that has been proposed earlier as a possible progenitor for GRBs [19] [20] [21] . In this scenario, a binary system consisting of two massive stars survives the collapse of the more massive component to a neutron star. When the second star leaves the main sequence and expands, it engulfs the neutron star, leading to a common-envelope phase and the ejection of the hydrogen envelope and part of the helium core as the remnant spirals into the centre of the second star. When the neutron star reaches the centre, angular momentum forms a disk around the remnant of the merger, allowing for the formation of a GRB-like jet. This remnant might be a magnetar whose prolonged activity can explain the very long duration of the GRB.
The interaction of this ultra-relativistic, well-collimated jet with the previously ejected common-envelope material can explain both the X-ray and UVOIR emission components. Estimating that the in-spiral takes 5 orbits or 1.5 yr and material is ejected at escape velocity, the outer ejecta are at a distance of a few times 10 14 cm at the time of the merger, consistent with the radius of the UVOIR black body. We assume that the ejecta form a broad torus with a narrow, low-density funnel along the rotation axis of the system that permits the passage of the c-radiation generated in the jet. Most of the jet hits the inner boundary of the common-envelope ejecta and only a small fraction of it propagates through the funnel. The X-ray emission is produced by shocks created by the interaction of the jet with the inner boundary of the common-envelope shell. As the jet passes through the funnel, it decelerates owing to the increased baryon load and shear with the funnel walls so that a regular afterglow signature is suppressed. When the now mildly relativistic, mass-loaded jet breaks out of the common-envelope ejecta, it produces the UVOIR emission in the first 10 d. As the supernova shock expands beyond the common-envelope shell, we observe a small bump in the light curve at ,30 d. This helium star/neutron star merger scenario naturally assumes the production of a relatively small amount of radioactive nickel, leading to a weak supernova (for a detailed description of the different processes, see Supplementary Information).
A similar scenario might explain another, previously detected, event, XRF 060218 13 , which showed a thermal component both in X-rays and at optical wavelengths (see Supplementary Information), albeit with a different progenitor system producing a brighter supernova and a fainter GRB. On the other hand, a class of GRBs exist that show a thermal component in X-rays, but have a classical afterglow with a power-law SED, such as GRB 090618 15 . Finally, SN 2008D, a type Ib supernova in NGC 2770 22 showing X-ray emission, had an early thermal component in the optical emission (see Supplementary Information), attributed to the shock breakout and independent of the supernova emission itself. GRB 101225A might hence be, together with XRF 060218, a member of a newly defined class of 'black-bodydominated', supernova-associated, long-duration GRBs, which arise in very dense environments that are created by the progenitor systems themselves; this dense environment thermalizes the high-energy output from the collapsing star. The non-relativistic, uncollimated emission in this scenario makes it difficult to detect such events at higher redshifts. This makes GRB 101225A a fortunate case that allows us to derive , inconsistent with synchrotron emission. The UVOIR light curves have a shallow maximum at the beginning, with different peak times for the individual bands due to the maximum of the black-body emission passing through the spectrum. The second component emerging at around 10 days post-burst is the contribution of an underlying supernova, modelled with the GRB-SN 1998bw as a template, stretched in time by a factor of 1.25 and decreased in luminosity by a factor of 12 (in restframe). The absolute luminosity of the supernova is M V,abs 5 216.7 mag, the faintest supernova associated with a GRB. At ,180 days we detect the very faint host at magnitudes of g9 5 27.36 6 0.27 and r9 5 26.90 6 0.14 or M g,abs 5 213.7 (0.001 L*, where L* is the characteristic luminosity). c, Colour image of the field of GRB 101225A observed at 40 days (indicated by a grey bar in b) with the afterglow location marked by a box.
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conclusions about the progenitor system and its environment from a new variety of massive stellar death, which had so far been only proposed to exist theoretically.
